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Structure of bow-shock nebula ’%
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Structure of bow-shock nebul é
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Contact discontinuity

If the ISM is partially 1onized, Hydrogen
atoms can suffer charge-exchange and
collisional excitation emitting Balmer lines
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Structure of bow-shock nebula

Ho emission from J0437-4714
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Structure of bow-shock nebula:
‘ simulations &

| [From Bucciantini, Amato & del Zanna 2005, A& A 434,189
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‘ Summary of pulsar with Ho bow shock %

‘ [From Brownsberger & Romani 2014, arXiv:1402.5465]

- 6 over 9 known Ha bow shock nebulae show rapid expansion and/or contraction of the tale
- These features are axisymmetric along the propagation axes of the pulsar

This suggest that the tale could be modified by internal dynamics rather than by external
effects (non uniform ISM)

Pusar  E§, Ler &  pr  ES  Fiyp 0a Fane

erg/s y kpe masfy 10711 10713 ylem?/s

Cometary shape
—» J0437-4715 035 98 016P 1413 1.67 19 93 0.7E-3
OLD — J0/42-2822 190 52 20D 290 1.72 <02 14 18E4
NEW ———— J1509-5850 682 52 26D 1270 30 12 14E-4
—» J1/41-2054 126 56 038D 11.70 20 23 4 6E-3
—» JI8%6-374 3E4 65 0l16P 3320 - 00 085 3E-
—» J1959+2048 219 95 25D 304 1.7 07 36 1.8E-3
— > J2030+4415 290 58 09G 538 28 11 1.8E-3
— 21243358 (0068 98 030P 327 31 08 50 53E4
— J222546335 016 61 136D 1820 - 00 012  36E-

1.00
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‘ Guitar nebula (powered by PRS B2224+65)

_I—

[From Gautam A. et al. 2013]

From Palomar Observatory (1995)
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% Guitar nebula (powered by PRS B2224+65)

_I—

Balmer emission:
[From Gautam A. et al. 2013] images from HST
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ApJ accepted arXiv:1402.5465]
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[ From Brownsberger & Romani 2014
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[ From Brownsberger & Romani 2014, ApJ accepted arXiv:
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PSR J0742-2822

[ From Brownsberger & Romani 2014, ApJ accepted arXiv:1402.5465]

Ho 1mage with background
star light subtracted

,; ik qug 10742 2.322
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PSR J1509-5850

-

| | From Brownsberger & Romani 2014, ApJ accepted arXiv:1402.5465]

New discovered!

L S TR e e
- PSR J1509-5850 . | & ‘ o)

Left: a median-filtered 3 A~ 600 W012 SOI image of PSR J0742—2822, smoothed with a

0.45" Gaussian. The right panel shows an image with a scaled continuum (W014) image

subtracted and 0.9” top-hat smoothing. The arrow indicates extent of the previous nebula
detection.
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‘ Two bow shock nebulae in X-rays

| From Kargaltsev, O. et al 2008, ApJ 684, 542]
J1509-5850" - g

J1509 tail (in the 1-7 keV band, binned to the pixel size of 200). The
blue line shows an approximate boundary of the PWN head within 15"
from the pulsar, but it does not fit the tail’s shape at larger distances.
The white arrows show an approximate observed width of the tail.
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A Two bow shock nebulae in X-rays

| From Kargaltsev, O. et al 2008, ApJ 684, 542]
J1509-5850" - g

The Mushroom PWN powered by PSR
B0355+54. Notice the sudden narrowing
(transition from the “cap" to the “stem")

J1509 tail (in the 1-7 keV band, binned to the pixel size of 200). The
blue line shows an approximate boundary of the PWN head within 15"
from the pulsar, but it does not fit the tail’s shape at larger distances.
The white arrows show an approximate observed width of the tail.
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Interaction length-scales é
‘ for neutrals A g
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Interaction length-scales é
W

‘ for neutrals

Stagnation distance

Collisional length-scale in
the shocked ISM

‘ Neutral Hydrogen from the ISM can

casily penetrate into the wind region
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for neutrals

Interaction length-scales %
W
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Interaction length-scales
for neutrals

i
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‘ Our mathematical approach

| - Stationary approach

- Single fluid (non relativistic)
- Quasi 1-D along the propagation direction z
- No magnetic field

0
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Analytical soluti ’%
‘ nalytical solution P

Coupled 1* order differential equations
for flow speed and sound speed:

ov 1 v (v,=V )
= = +1)=V \ly—1 0
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‘ Results

Initial supersonic flow Initial subsonic flow

Contact discontinuity Contact discontinuity

Figure 2a Figure 2b

f
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Mach number
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Mach number

Mach number

Results
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‘ CONCLUSIONS

_I—

* Neutral Hydrogen from ISM can easily penetrate into the
relativistic wind of bow-shock pulsar wind nebulae

+ Internal dynamics of the wind can be strongly affected by neutrals

on the typical mass loading scale
+* Mach > 1 — the flow slows down and expands
+* Mach <1 — the flow accelerates and contracts

* Present results can explain the shape observed in many bow shock
nebulae observed in Balmer emission (and X-rays)

* The stationary approach fails when M — 1
Simulations are needed to get a comprehensive time dependent
solution and to include magnetic field
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Mach number
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